Introduction
When describing the pattern of reproductive output over an animal's lifetime, authors often attribute the improvement in performance to the combined effect of experience and age, and any decline in performance in later life to the wear and tear of competing for resources and of breeding (Clutton-Brock 1988; Newton 1989). Under a stable environmental situation successful breeding has been attributed to numerous phenotypic and behavioural characteristics of one sex or the other, e.g. age, experience, dominance, etc. However, in birds, the majority of species are socially monogamous, sharing their reproductive experience with a member of the opposite sex (Lack 1968 ) so that taking account of only one member of the pair when explaining reproductive performance is presenting only half of the picture. For example, if large females produce most offspring, high reproductive rates may be attributed to large female size; however, if large 234 females pair with males with the best territories per-ently declines in the later years of life (Ratcliffe, Rockwell & Cooke 1988; Owen & Black 1989a) . However, since few older birds remained in the data sets, both studies were less certain about the trend in later years than in the early improvement. In the early years, clutch size increases up until age 4-5 years in barnacle geese (Forslund & Larsson 1992) and to 5-6 years in snow geese (Rockwell et al. 1993) .
Apart from enhanced physical ability, the increase in the early years, which is common across many species, has been linked with increased effort and improved access to resources (Hamann & Cooke 1987; Partridge 1989 ). The reasons for the decline in reproductive performance in later years, especially in birds (Clutton-Brock 1984; Newton 1989), are less well understood. There are three possible areas of explanation for apparent old-age decline: biological features, environmental features, and other qualities in the animals' life history. The lesser snow goose workers favoured two of the three considered alternatives, a biological and an environmental feature: the effects of senescence on females and the degradation of the older birds' habitat (Rockwell et al. 1993 ). They were unable to test the third possibility, a life-history feature, concerning the replacement of mates when first partners disappear or die.
Owen et al. (1988) described how the chances of successful breeding were reduced after loss of the first mate and re-pairing with a second. The proportion of birds that bred successfully (average for all ages) in the first (8%) and second year (16%) after re-pairing with a new mate was lower than in longer-established pairs (21%). With advancing age, individuals that lose mates are presented with a choice of potential partners from a pool of younger, less experienced geese and fewer older birds whose loss of mate coincides. Without data on mate choice, workers have understandably assumed that old birds which have lost mates preponderantly re-pair with birds from the young, unpaired cohort. Re-pairing with a younger goose may mean that the new pair will experience lower rates of fitness until the younger mate gains in experience and ability (Forslund & Larsson 1991) .
Since the average length of the first pair-bonds in barnacle geese is about 5 years (Owen et al. 1988 ), the old-age decline in RS may result from a progressive number of mate changes in the population (Rockwell et al. 1993 ). We explored this possibility by comparing the ages of partners in first and subsequent pairings. We also investigated whether the choice of mates is influenced by the size and availability of the cohort of unpaired young birds in the population. Our first exercise, however, was to re-evaluate the effect of age on gosling recruitment for both sexes throughout their life span.
Methods
Between 1973 and 1990, 5890 of the barnacle geese that breed in Svalbard, Spitsbergen, were marked individually with an engraved plastic leg band on one leg and a metal ring on the other; they were either rounded up during the moult or caught with rocket nets. When in the hand, the birds were sexed by cloacal examination and aged, by plumage characteristics, as goslings, yearlings or adults. Birds ringed as breeding adults were assigned a minimum age, assumed to be from 1 July prior to banding.
The geese spend the autumn and winter on the Solway Firth, UK (7 months), the spring in Helgeland, Norway (1 month) and the summer in Svalbard (4 months). The journey is about 3000 km from one end of their range to the other. The population has risen from 5100 individuals in 1973 to 12 100 in 1990, and in most years between 10 and 25% of these have been individually identifiable Geese enter into a number of trial partnerships prior to choosing a long-term mate (Choudhury & Black 1993) . To reduce the possibility of accepting trial partners as true mates, we excluded pairings lasting less than 2 months and included only pairs that went to or returned from the breeding grounds as a pair. Our method of determining first and last dates of a partnership was influenced by the timing of first sightings in each winter season. We assumed that pairs seen for the first time between October and December had come back from the breeding grounds together: in other words, that they had had the opportunity to reproduce that year. The first opportunity for reproduction in pairs that were first seen between January and May, on the other hand, was assumed to be the following summer. This method is necessarily conservative and provides a minimum value for pair durations and reproductive success.
Goslings and parents maintain close and continuous proximity each day throughout the first months of the goslings' life (Black & Owen 1989a). On each sighting we counted the number of goslings that were with each pair. Three measures of fecundity were used. (i) Gosling recruitment -the number of goslings (ranging from 0 to 6) that survived the autumn migration (minimum 3 months of age). This measure Non-significant interaction terms between age and year were removed from the final models. We calculated least square means, adjusting for the effects of year and unequal sample sizes, to compare specific age-classes. Curves were fitted to plotted points and linear or quadratic contrasts were computed. All exercises were performed with the SAS Procedure GLM (SAS Institute 1990), unless otherwise stated.
Results

PATTERN OF REPRODUCTIVE SUCCESS IN MALES AND FEMALES
Age significantly affected gosling recruitment and brood success but not brood size, after controlling for year (Table 1) . Figure la,b shows that the overall reproductive rates increased with age to a peak in the tenth or eleventh year, after which they declined to moderate levels ( Table 2 ). The significant linear effect between 2 and 11 years was reflected by an overall 
RELATIVE AGE OF PARTNERS
To assess whether the combined age of the pairs influenced RS, we used the sum of male and female age in the analysis of variance. Age was partitioned into three classes, which can be described in terms of reproductive performance as: (i) the improving years (ages 2-6), (ii) the best, middle-aged years (ages 7-13), and (iii) the declining years (ages 14 +); the oldest bird was aged 22 years. Quantitatively, the second category included years when the probability of brood success for both sexes was 0-20 or higher, whereas the earlier and later classes included rates less than 0-20. The combined ages of partners produced a significant effect on gosling recruitment and brood success, but not on brood size (Table 3 ). The pattern of reproductive performance with age was similar to the pattern achieved when the sexes were treated separately; increasing in the early years, peaking in the middle years and declining in later years (Fig. 2) .
To investigate further the relative influence of the sexes on the RS curve, we partitioned the data according to the nine discrete male-female age combinations (e.g. young male + young female, middle-aged male-+ old female, etc.) and plotted their reproductive per- formance (Fig. 3) . These plots indicated that the highest brood success was achieved by middle-aged females that were paired with males also in their middle years. Middle-aged females also performed well when paired with young males. Regardless of their mates' ages, young females and old males achieved a consistent, low mean brood success value of around 015-0-18. Young and middle-aged males achieved peak performance when paired with middle-aged females, whereas the RS even of middle-aged females was very low when they were paired with old males. The reproductive performance of old females was substantially higher when paired with middle-aged males.
POTENTIAL CAUSES OF APPARENT SENESCENCE
This section tests three potential explanations for the apparent downward trend in RS in later years: (i) the old-age decline in RS in the population may be caused by an increasing number of older birds re-pairing with younger birds that are known to be poor breeders; (ii) declining RS may simply reflect the frequency of repairing in the population, since RS is temporarily lower in new pairs; and (iii) the decline may be linked to a real decline in some fitness parameter which controls RS. If (i) is the correct case, we would predict that there would be a disparity in the age of partners that re-pair after the loss of first mates. If (ii) is correct individuals that do not re-pair should have sustained success beyond middle-age. If both these hypotheses are rejected, we would conclude that RS decline is due to a decline in fitness, explanation (iii).
Age correlations between partners
The geese in this data set paired for the first time between the first and fourth year of age. The majority of geese tended to choose mates that were born in the same year. This might be expected, since males and females tend to pair at the same age. However, the probability was extremely high; only five cases in the sample of the 113 known-aged, first-time pairings consisted of different-aged partners, all involving 2 and 3 year olds (Fig. 4a) . The probability of the choice of a mate from the same cohort is difficult to estimate, since the number of unpaired birds of different ages in the population at any one time is not known. However, since more than half the sample did not pair until they were more than 2 years old, when they would also have the choice of the next cohort as well as their own, the degree of choice is remarkable. After loss of the first partner, re-pairing occurred between 2 and 19 years of age. Although ages did not match as closely as in first-time pairings, partner ages were significantly correlated (Fig. 4b,c) . The comparison was more revealing using the larger minimumage data set (F= 23-7, df= 235, R2 = 0.09, P<< 0-001); partners were the same age in 46% of 236 re-pairings. The oldest case of re-pairing between two birds of the same age occurred in their twelfth year (two cases). The oldest, similar-aged re-pairing was between a 13-and 14-year-old male and female, respectively. When ages did not match (n = 128) the older sex was only slightly and not significantly skewed towards females (57% older female, 43% older male). The greatest disparity in ages of replacement mates was 15 years, in two cases with the male and in two with the female as the older sex.
Of 39 re-pairings in which the age and pair histories were known, in 21 cases the replacement mate was a younger bird that had not been paired previously (Fig.  4b) . population was a young, unpaired bird (see footnotes to Table 4 ). The probability of choosing an inexperienced vs. an experienced partner was not influenced by either measure of the unpaired birds' abundance (KruskalWallis test using total available, x2 = 1.63, df = 1, P= 0-202; abundance ratio, x2= 2-43, df= 1, P = 0119).
On searching the backgrounds of the 18 pairs that chose experienced mates, we discovered that 14 pairs had previously associated with each other (Table 4 ; binomial test, P = 0-015). In these cases the partners had been seen or captured on the same coastline in Spitsbergen prior to pairing (Nordenskioldkysten). This finding is consistent with our previous studies which reported that the majority of first-time pairings were of partners that were from the same natal areas (Owen et al. 1988) and that this was largely due to active choice of familiar individuals (Choudhury & Black, 1994 ). In the current study the geese could have become acquainted in the first or subsequent summers on Spitsbergen; both birds in eight of the 14 pairs were caught in the same natal area in their first or second summer.
Reproductive success excluding re-pairing
To test whether re-pairing frequency was responsible for the declines in reproductive performance, we checked the RS pattern for pairs that remained together over 1-14 years, thus excluding the effect of repairing. Figure 5 shows that the pattern of brood success by these stable pairs mirrors that of the previous sample (Fig. 1) ?Mates overlapped in summer months, i.e. one male and two females. This male, CLV, had three differerent polygynous trios in his 11-year lifetime-a rare occurrence. We conclude that the old-age decline of RS in geese is not caused by re-pairing with young mates or with re-pairing frequency for three reasons. First, geese tended to choose replacement mates that were the same age as themselves, despite the larger availability of younger unpaired birds. Secondly, the analysis of the combined-age index of partners showed the same pattern of increasing RS in early years, peaking in the middle years, followed by a decline in the later years (Fig. 2) . Thirdly, we found this same quadratic pattern, including the decline in old age, for geese that kept the same mate throughout life (Fig. 5) .
We therefore suggest that the decline in reproductive success in old age, is indeed due to the loss of some fitness measure that affects the likelihood of breeding, e.g. hatching success or brood success, or more likely a combination of these. From Fig. 3, it The worst combination of partners in terms of RS is between old females and young males (Fig. 3) . If all young males were poor breeders we would attribute the shortfall to an inability to protect the female and to inadequately developed foraging routines (see above). Or perhaps young males have low fertility rates in the early years, as was found in the Hawaiian goose (Kear & Berger 1980) . If all old females were poor breeders we might argue that there may be a reduction in egg and/or clutch size after age 11, as was found for the Hawaiian goose (Kear & Berger 1980) . However, neither sex appears wholly responsible for the shortfall since combinations with middle-aged partners can be very productive. The interplay between the potential limiting factors is apparently compounded in this combination of ages and sexes. Deteriorating ability in older males may also explain the declining reproductive performance in pairs that are together for 10 or more years (Fig. 5) 
